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ABSTRACT
Ocotea monteverdensis is an endangered tree in the Lauraceae family endemic to the
Monteverde, Costa Rica region. It consistently displays evidence of terminated apical meristems
(TAMs). I explored the prevalence, effect and cause of TAMs in young O. monteverdensis trees.
I measured height, DBH and herbivory as indicators of fitness and compared these factors
between trees with TAMs and those without. After analyzing data from 220 trees across four
different test sites, I found that TAMs were present at every test site across a wide range of
heights. Between trees with TAMs and those without TAMs, I found that there was no statistical
difference in DBH and in one case there was no statistical difference in height. One test site
showed that trees with TAMs were significantly shorter than trees without TAMs. Thus, TAMs
can have a negative effect on tree fitness. The reason for why only one site experienced a
negative effect from TAMs is unknown. Possible theories include the variation in environmental
factors and land-use history between the two sites. Regarding the cause of the TAMs, I did not
find a definitive answer, though I did manage to largely rule out the hypotheses that vertebrates
eat the apical meristem or that galls cause TAMs. In conclusion, I recommend that TAMs should
continue to be studied by O. monteverdensis conservationists because they can negatively affect
tree fitness.

Frecuencia, efecto y causa de terminación del meristema apical en el árbol
endémico Ocotea monteverdensis (Lauraceae) en Monteverde
RESUMEN
Ocotea monteverdensis es un árbol en peligro de extinción de la familia Lauraceae,
endémico de la región de Monteverde, Costa Rica. Los árboles en esta área muestran
consistentemente evidencia de Meristemas Apicales Terminados (TAM en inglés). En este
estudio, exploré la prevalencia, el efecto y la causa de los TAM en los árboles jóvenes de O.
monteverdensis. Para esto, medí la altura, el DAP y la herbivoría como indicadores de la aptitud
(fitness) y comparé estos factores entre los árboles con TAM y los que no presentaban TAM.
Después de analizar los datos de 220 árboles en cuatro sitios diferentes, encontré que los TAM
estaban presentes en todos los sitios y en un amplio rango de alturas de los árboles. Entre árboles
con TAM y aquellos sin TAM, encontré que no había diferencia significativa en DAP y tampoco
en altura. En uno de los sitios, los árboles con TAM eran significativamente más cortos que los
árboles sin TAM, lo cual indica que los TAM pueden tener un efecto negativo en la aptitud del
árbol. Se desconoce el motivo por el cual solo un sitio experimentó un efecto negativo de los
TAM, pero podría deberse a variación en los factores ambientales entre los dos sitios y el
historial de uso de la tierra por sus dueños. En cuanto a la causa de los TAM, no encontré una
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respuesta definitiva, aunque logré descartar en gran medida las hipótesis de que los vertebrados
comen el meristema apical o que las agallas causen los TAM. En conclusión, recomiendo que los
TAM sigan siendo estudiados por los conservacionistas de O. monteverdensis porque pueden
afectar negativamente la aptitud del árbol.

Conserving endangered species is of the utmost importance in biodiversity preservation.
Maintaining biodiversity provides many benefits to society ranging from the ripple effects one
species may have on an ecosystem to the potential for future medicinal use. Within an
ecosystem, endangered species can perform essential functions such as feeding other species or
providing population control. To rehabilitate these endangered species, the fitness of offspring
should be explored and maximized. Ocotea monteverdensis is a critically endangered tree in the
Lauraceae family endemic to the Monteverde area of Costa Rica. Its natural range spans between
1,200 and 1,450 m in altitude and is restricted to the Pacific Slope of the Tilarán mountains. Its
estimated extent of occurrence of 172 km2, however only 43 km2 is suitable habitat (Joslin et al.
2013). There are only an estimated 770 flowering trees left in this range (Joslin et al. 2018).
Little is known about this species due to its limited range and population, however
efforts are being made to re-establish O. monteverdensis in its natural habitat (Joslin et al. 2018).
Organizations such as the Monteverde Institute and the Curi Cancha Reserve have planted
cohorts of O. moteverdensis in various reserves across the tree’s range. Some private landowners
have also elected to plant O. moteverdensis on their properties. The past decade has seen the
planting of over 9,000 O. monteverdensis seeds (Joslin et. al, 2018). Research focused on
improving the fitness of these young trees can be invaluable to conservation efforts.
One phenomena I and two of the world’s leading experts on O. monteverdensis, Dr. Dev
Joslin and Dr. Debra Hamilton, noticed was the existence of terminated apical meristems
(TAMs) in young trees and saplings. In many plants there is evidence that a large segment of the
apical meristem died and the plant was forced to sprout a new meristem which grew below the
TAM. This process requires spending valuable resources that could be better used to increase the
plants biomass and reach a reproductive life-stage faster.
Similar apical meristem termination has been observed in other plants. Much of the
research surrounding TAMs identifies herbivores and gall-forming insects at the primary culprits
(Throop and Fay, 2005; Throop and Fay, 1999; Whitham and Mopper, 1985).
The main questions of this study are what is the prevalence, effect and cause of the apical
meristem termination in young O. monteverdensis in Monteverde? I predicted that saplings with
TAMs would be shorter and have a smaller diameter at breast height (DBH) than saplings
without TAMs of the same age. Regarding the causation, I predicted that either a vertebrate
consumed them, or insects killed the apical meristem through herbivory or galls nearby created
the TAM. I gathered data from re-forested sites where O. monteverdensis saplings were planted
over the last decade.
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MATERIALS AND METHODS
My project took place over two weeks, with field data collection occurring for eleven
days in May 2018. Before doing any field research, I received data from Debra Hamilton on the
location of saplings, the year planted and any information (height, TAM presence etc.) collected
from the Rachel and Dwight Crandell Memorial Reserve and the La Calandria Reserve from the
previous three years. Data was later gathered from Mauricio Ramirez on the state of trees in the
Curi Cancha Reserve. I received data on roughly 500 individuals planted over the last decade.
The trees I studied were planted in 2008, 2009 and 2017, which makes them ten years old, nine
years old and one year old respectively. Sapling locations spanned O. monteverdensis’ range.
Data was also taken from 25 small (<2m in height) trees where the age was unknown. The plot
planted in 2008 was in the Crandell Reserve and the plot planted in 2009 was in the Curi Cancha
Reserve. Data from 2017 saplings was taken at the La Calandria Reserve. The trees where age
was unknown were found directly behind the Monteverde Institute. In Curi Cancha, the O.
monteverdensis were planted in land that had recently been pasture. This plot had very few tall
trees. Large grass sometimes reaching 1.5m in height covered the plot. Trees were planted in
rows and spaced more than three meters apart. In the Crandell Reserve, trees were planted close
together, sometimes less than one meter apart. Trees in La Calandria were planted along a
secondary forest trail. Trees measured behind the Monteverde Institute were found along the
main road or within 25m of the main road. Two types of data were collected. One was
measurement of sapling state and the other was an observation of saplings to determine the cause
of TAMs.
Sapling State
Data was recorded by hand in the field and transcribed to an excel sheet. Data gathered
included age of plant, plant identification number (PIN), height of central stem, diameter at
breast height (DBH), number of leaves, presence of a TAM, distance between ground and the
TAM (if applicable), distance between the TAM and the top of the new central stem or to the
next TAM, presence of herbivory and number of leaves showing herbivory. Not all data types
were collected for each plant. Saplings behind the Monteverde Institute were marked by a
ribbon-tag for the duration of the study. Age of plant was gathered from Debra Hamilton’s data.
Each plant was given a PIN if not already provided by the Monteverde Institute or Curi Cancha
data. PIN included plot identification (A-Z) and tree number per plot (1-100+). For example, the
first tree in the first plot of Curi Cancha was labeled CC A1. Height of central stem was
measured from the base of the tree, to the top of the tallest shoot using a ruler or clinometer. The
measurement was a straight line from the base of the tree to end of the central stem; curvature of
the stem was not measured. Field assistant Sam Coursen helped with all measurements in
Crandell and Curi Cancha for greater accuracy. We calculated clinometer data onsite and
performed an observational check to ensure no miscalculations. We measured DBH using a DBH
tape-measure and counted number of leaves by hand with a counter. Presence of TAMs was
defined in recently dead meristems as the discontinuation of one central stem and the growth of a
new central stem longer than 1 cm. Older TAMs needed to have a dead woody-structure longer
than 1 cm visible with no leaves attached. New stems differentiated themselves from new
branches by growing directly upwards instead of at a right angle. I measured the distance from
the base of the tree to the point where the termination occurred and the distance from the top of
the termination to the top of the new central stem or next termination point using a ruler or
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clinometer. This measurement also took the form of a straight line and ignored curvature.
Presence of herbivory was defined as an incomplete leaf.
Cause of TAMs
Observational data was recorded for each plant. Insects and galls on the plant were
identified, counted and collected when identification was not possible in the field. Most insect
identification was done with the help of Emilia Triana. Location of insect or gall in relation to
the apical meristem and TAM was also noted. After creating five categories of TAMs based on
physical appearance and properties (Appendix 1), I placed the found TAMs into one of these
categories. Galls were split into three categories based on location and physical appearance
(Appendix 2). The 25 saplings of unknown age behind the Institute were observed at this level of
detail. All other plants were observed if they contained interesting or inconsistent features. My
observations ranged from 5 to 30 minutes over one or two days. Broad observations containing
data on spacing of trees and climate were observed at each test site.

RESULTS
Over the course of the study, I measured or observed 220 saplings; 25 from the
Monteverde Institute, 45 from Crandell, 82 from Curi Cancha and 68 from La Calandria. Age of
Monteverde Institute trees was unknown. Crandell trees were ten years old, Curi Cancha trees
were nine years old and La Calandria trees were nine months old. Again, not all data was taken
for every tree. Results are divided into three sections based on the three parts of my central
question.
Section 1: Prevalence
TAMs were very prevalent, especially in older saplings. Every site I visited had trees
with TAMs. More than 50% of the saplings in Crandell, Curi Cancha and behind the Monteverde
Institute had TAMs, while less than 10% of saplings in La Calandria had TAMs. In total, 104
trees had TAMs and 106 trees did not. Out of the nine and ten year old Crandell and Curi Cancha
trees, 85 had TAMs and 32 did not (Fig 1). Of the 68 saplings from La Calandria, only 4 had
TAMs, some of which occurred as low as 0.06m from the base of the plant. TAMs at the other
three locations ranged from 0.2m to 5.7m from the base of the plant.
Section 2: Effect
When analyzing tree fitness, I found no statistical difference in DBH between trees with
and without TAMs at Crandell (T-test (31) = 0.93, p = 2.04) or at Curi Cancha (T-test (69) =
0.83, p = 1.99) (Fig 2). There was also no statistical difference in height between trees with and
without TAMs at Crandell (T-test (34) = 0.82, p = 2.03), however there was a statistical
difference in height between trees with and without TAMs at Curi Cancha (T-test (39) = 2.02, p
= 0.02) (Fig 3).
Trees at Crandell were the tallest with an average height of 5m ± 2.1m. Curi Cancha trees
were the second tallest with an average height of 3.4m ± 2m. La Calandria had the shortest trees
with an average height of 0.3m ± 0.1m (Fig 4). In addition to the trees being taller, Crandell also
had a larger average DBH than Curi Cancha. The average DBH for Crandell was 6.3cm ± 2.4cm.
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The average DBH for Curi Cancha was 5.5cm ± 4.6cm. Trees at La Calandria were too small to
take DBH. Note that trees with a DBH of less than 0.8cm were not included (Fig 5).
In La Calandria, saplings with no TAMs showed an average of 49% leaf herbivory while
saplings with one TAM showed an average of 25% leaf herbivory. The sample size was 44
saplings; 42 saplings had zero TAMs and 2 saplings had one TAM (Fig 6).
Section 3: Cause
Through observation and collection, I identified 12 types of insects and 3 kinds of galls
(See Appendix 2) that could potentially cause TAMs on the 25 saplings I sampled behind the
Monteverde Institute. No insect or gall appeared on more than six saplings. I only found three
insects or galls closer than 10 centimeters to the apical meristem (Table 1).
Collection of TAMs yielded 15 samples. Of those, 2 came from Crandell and 13 came
from behind the Monteverde Institute. I found 8 complete TAMs, 2 partial TAMs, 4 stubby
TAMs and 1 bumpy TAM. TAMs were collected on an “able to collect TAM” basis (Table 2).
See Appendix 1 for pictures.
My observations also shed light on the developmental stages of O. monteverdensis. The
growth of O. monteverdensis occurs in patterns of branching and shooting. Trees tended to grow
four or five branches and then produce a new stalk. The stalk was initially green and bumpy but
slowly became brown and smooth. According to Dev Joslin, this is characteristic of most Ocotea
found in Monteverde.

Figure 1. Prevalence of TAMs across sampling locations.
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Figure 2. Presence of TAM effect on DBH for Crandell and Curi Cancha.

Figure 3. Presence of TAM effect on height for Crandell and Curi Cancha.
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Table 1. Insects and galls found on O. monteverdensis.
Name
Branch Gall
Formicidae
Araneae
Diptera
Mantodea
Leaf Gall
Orthoptera
Scale Bug
Coleoptera
Adippe zebrina
Seedbug
Lacewing
Trunk Gall
Lepidoptera
Phasmatodea

Total Individuals
Total Trees Affected Found
6
9
5
25+
5
9
4
5
3
3
3
12
3
4
3
5
2
1
2
8
1
1
1
1
1
1
1
1
1
1

Proximity to Apical
Meristem
>10cm
>10cm and <10cm
<10cm and >10cm
>10cm
>10cm
>10cm
>10cm
>10cm
>10cm and <10cm
<10cm
>10cm
>10cm
>10cm
>10cm
>10cm
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Table 2. Types of TAM collected. See Appendix 1.
Name
Complete TAM (Burrowed)
Complete TAM (Not Burrowed)
Partial TAM
Stubby TAM
Bumpy TAM

Number
2
6
2
4
1

DISCUSSION
Section 1: Prevalence
TAMs were extremely prevalent. They were present in every site. Over half of the trees
had TAMs in three out of the four sites. The only site where less than half of the trees had TAMs
was La Calandria whose trees were less than one year old. Considering that I found TAMs at a
variety of heights on older trees, it is likely that TAMs will develop on more trees as the La
Calandria cohort grows taller. To better understand how TAM prevalence changes over time, I
would suggest that a future study records the height and presence of TAMs on a yearly basis. It
would be possible to do this through the Monteverde Institute’s annual measurements of O.
monteverdensis at La Calandria.
Section 2: Effect
Beginning the project, I expected TAMs to have a negative effect on tree fitness in all
categories tested because growing a new apical meristem requires valuable resources. In
comparing DBH and herbivory of younger trees, I found there was no disadvantage to TAMs. In
DBH and height of the trees in Crandell, there was no statistical difference at all. Perhaps this is
because the sapling compensates for the lost meristem by growing higher and wider with its next
shoot (Belsky et. al, 1993). Results from Curi Cancha showed that trees with TAMs were
significantly shorter than trees without TAMs. Similarly, previous TAM research has shown that
in some cases plant fitness is not affected by TAMs (Fay and Throop, 2005), while in other cases
plants are negatively affected (Witham and Mopper, 1985). Reasons for why the Curi Cancha
trees saw a difference in height is unknown, however there are potential causes which could be
tested.
O. monteverdensis fitness can be greatly affected by external factors (Joslin et. al, 2013).
Possible reasons for the difference in height between Crandell and Curi Cancha are the different
climates, environments and history of the land. The field where O. monteverdensis were planted
in Curi Cancha had been a pasture and the soil was compacted by years of cattle use. Soil
compaction can severely reduce tree growth (Burger et. al, 2017). In addition to compaction,
prior research in Central America has shown that lack of large vegetation in pastures can be
difficult to recover from. Even after fifteen years of reforestation, old pastures still lack an
increase in soil elements vital to plant growth (Neumann-Cosel et. al, 2011).
Potential sources of error in this portion of the study come from our inability to count all
TAMs that occurred throughout the life of the tree. Over time, dead branches fall off and tree
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trunks grow thicker. In general, TAMs were lower on shorter trees and TAMs were higher on
taller trees. Thus, it is possible that a TAM which occurred to a tree at a young age was no longer
visible. If this happened to a tree marked as “no TAM”, my results would be skewed. One
solution for future studies would be to track the tree’s fitness from a young age and follow the
development of TAMs.
Section 3: Causation
I had hypothesized that either a vertebrate was eating the apical meristem, insects were
laying galls on the apical meristem or insects were killing the meristem through herbivory. I was
unable to come up with a definitive answer, though I was able to rule out certain possibilities. It
is also important to note that TAMs could be caused by multiple factors.
Vertebrates were unlikely the sole cause of the TAMs because complete TAMs existed.
Eight of the fifteen TAMs collected were complete, meaning that they were not visibly eaten by
vertebrates. While six of the fifteen TAMs were missing a portion of the TAM, the reason for
loss is unknown. It could have been a vertebrate eating the live apical meristem, or the TAM
could have fallen off post-mortem for another reason. It would also be physically hard for most
herbivorous invertebrates to reach apical meristems across the TAM height range (0.06m to
5.7m). Saplings less than one year old are more easily eaten by herbivores. It is also known that
apical meristems of some new saplings are not fatally affected by herbivores. The plant often
regrows around the dead shoot (Clark and Clark, 1985). Thus, macro-vertebrate herbivory could
be a cause of TAMs at younger ages. Evidence in opposition to herbivory playing a large role is
the presence of anti-herbivory secondary compounds in Ocotea such as phenylpropanoids (Da
Silva et. al, 2017). Future observational research using camera traps could be conducted to look
for macro-vertebrate herbivory.
Overall, there was no insect or gall which affected more than 25% of the saplings I
observed. Of those, most insects were incapable of harming the plant. According to Emilia
Triana, Formicidae, Araneae, Diptera, Mantodea, Orthoptera, scale bugs, seed bugs, lacewings,
adult Lepidoptera and Phasmatodea are likely incapable of causing enough damage to the apical
meristem to create a TAM. They are primarily predators and leaf herbivores whose behavior
does not affect the apical meristem. While some Coleoptera, such as weevils, can kill the
meristem by burrowing, not all TAMs were found to have burrowing holes (Hough-Goldstein
and LaCoss, 2012). It should also be noted that I was unable to find out who burrowed into the
TAMs.
Galls have the potential to kill young meristems, however I never found a gall within
10cm of the apical meristem, nor did I find a gall near a TAM (Dhileepan and McFadyan, 2001).
According to Emilia Triana, leaf galls are unlikely to have caused damage to an apical meristem.
While some branch galls I found had no leaves beyond them, others had new growth. This would
imply that at least some branch galls do not have a severe effect on the plant’s wellbeing. I only
found one trunk gall, however there was another 14cm of growth above it with leaves (plant’s
height was 65cm). Based on the scarcity of the trunk gall occurrence and its limited effect on
plant growth, it is unlikely that trunk galls are a cause of TAMs; at least not a major cause. There
was one “bumpy TAM” which looked like a gall, however after dissection, no cavities for larvae
development were found (See Appendix 1).
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While no conclusive evidence can be drawn from my observations regarding the cause of
TAMs, the tree-hopper Adippe zebrina appeared a possible culprit. I only found them twice in
the trees I thoroughly observed, however I saw them on two other O. monteverdenis saplings. In
all cases, they were only found on new, green plant tissue. In two of the four cases, there were
more than four individuals on the new, green apical meristem. In one of those cases, I observed
egg sacks cut into the apical meristem. Debra Hamilton and Dev Joslin also noted that they
observed many A. zebrina on young O. monteverdensis over the past ten years. Adippe are
commonly found in Ocotea and have been known to lay their eggs in the terminal buds of stems
(Godoy et al. 2005). Some species in the tree-hopper family have been known to kill plants by
feeding on the main stem (Sparks and Boethel, 1987). Research observing the fates of apical
meristems with and without the presence of A. zebrina should be conducted to test this theory.
Clearly, TAMs are prevalent in many O. monteverdensis and they can negatively affect
the fitness of saplings. Thus, TAMs should continue to be studied by conservationists. Further
research can examine the potential causes of the TAMs and prevention methods. Potential causes
of TAMs I did not study include a virus, bacteria or fungal infection. To maintain the existence
of this magnificent tree, conservationists should continue to work with research efforts and
identify areas tree fitness can be improved.
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APPENDIX
Appendix 1. TAM classifications
Name
Complete TAM
(Burrowed)

Picture
Burrow entrance and exit
holes can be seen at the
bottom and top left branch.

Apical meristem termination in Ocotea monteverdensis
Complete TAM
(Not Burrowed)
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No entrance or exit holes
are visible. TAM was
dissected to reveal that no
burrowing took place.

Partial TAM
Second shoot from the
right was the apical
meristem, but died and
part of it has been
removed.

Stubby TAM
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A short stub is all that
remains from the
previous apical
meristem.

Bumpy TAM
Stem appeared
to have some
woody structure
growing on it;
possibly a gall.
After disection,
no cavities for
insects were
found.
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Appendix 2. Galls found on saplings.
Name
Leaf Gall

Picture
Three leaf galls pictured in
one plant.

Apical meristem termination in Ocotea monteverdensis

Trunk Gall and
Branch Gall
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Trunk gall is large mass on
vertical stem. Branch gall is
the smaller cylindrical
growth on the bottom
horizontal branch. Note that
in all other cases, branch
galls occur on saplings
without trunk galls.

